Cerebral palsy is a childhood condition in which there is a motor disability (palsy) caused by a static, non-progressive lesion in the brain (cerebral), produced by decreased brain oxygenation during pregnancy at birth or soon after birth. The rehabilitation of patients with disabilities such as cerebral palsy is usually accomplished through exercises performed by a team of several specialists so that the patient can act independently or minimize the need for third parties. The virtual reality environment called REHAB FUN was developed as a purpose to aid in the treatment of patients with cerebral palsy from 3 to 8 years. The REHAB FUN is composed of 10 phases (activities) and a web area for analysis of the specialists to follow the evolution of the patients. Seven patients were participated using the virtual environment twice a week for 3 months (20 sessions). We measured attention levels, errors, and time. The REHAB FUN has been shown to be a motivating tool for patients, and through the data acquired, the specialists can direct the treatment in an individualized way so that there are greater effectiveness and efficiency in the treatment of motor rehabilitation.
Introduction
Cerebral palsy (CP), one of the diseases that causes motor deficiency, is a childhood condition in which there is a motor disability (palsy) caused by a static, non-progressive lesion in the brain (cerebral) [10, 15, 16] , caused by decreased brain oxygenation during pregnancy at birth or soon after birth. The rehabilitation of patients with CP is usually accomplished through exercises performed by a team of several specialists so that the patient can act independently or minimize the need for third parties. Although in general this disability is present throughout the life of the individual, for some skills it is more susceptible at the beginning of development [2] .
CP is often classified by severity level as mild, where a child can move without assistance; his or her daily activities are not limited. Moderate means a child will need braces, medications, and adaptive technology to accomplish daily activities, and severe, in which the child will need a wheelchair and will have significant challenges in carrying out daily activities. These broad generalizations lack a specific set of criteria [6] . The type of CP and its severity is dependent on the affected area of the brain.
The rehabilitation process depends mainly on numerous stimuli so that the patient feels motivated and perceives the importance of the proposed treatment through the perception of its evolution throughout the treatment [26] . Virtual reality (VR) is a computational technology that provides artificial sensory feedback, allowing a user to experiment activities and events similar to those that could be found in real life, and to develop motor abilities in three-dimensional (3D) virtual environments that resemble the real world accordingly [16] . VR involves three key elements that are required for motor learning: (1) repetitions, because neural plasticity is dependent on repeated stimulation, which is able to produce optimal learning; (2) sensory feedback, because intense multisensory stimulation is an essential part of rehabilitation for children with cerebral palsy, a systemic disease; and (3) motivation of the patient [19] .
Several studies using VR for treatments of neurological dysfunctions are being performed and already demonstrate satisfactory results regarding the evolution of the motor and cognitive development of patients of different ages [5, 23] . In most cases, the environment was based on games (serious game or exergames) applied to sensorimotor processing. The results are overall very promising, mainly due to the abstraction of traumatic symptoms such as pain and fear, to the escape from the real world, and to the incentive to overcome the challenges posed by virtual environments.
The use of leap motion to control the movements of activities performed in virtual environments has presented significant results when applied to rehabilitation treatments of upper limbs. The use of these technologies can be found in the rehabilitation of stroke patients [13, 20, 32] and [8] .
For the treatment of children, some adaptations or rehabilitation games applied to entertainment games can be highlighted [9, 11, 12, 14, 28, 30] and [25] . In the proposal addressed in the non-immersive virtual environment ''REHAB FUN,'' the suggestion of its use as an additional auxiliary tool to the treatment performed for neuropsychomotor rehabilitation of children with CP between 3 and 8 years are presented. It aims to improve motor and cognitive abilities from activities of relation between forms, colors, and objectives according to the interest of the informed age group. It provides arm and hand extension and flexion exercises to reduce contraction and rigidity of the musculature caused by paralysis and additionally improve the fine motor skills of upper limbs through the use of leap motion [24] .
This sensor is able to capture movements of the 10 fingers of the hands, without the intervention of a device attached to the patient's body, bringing a greater degree of freedom. In order to measure the evolution of the patient through the use of the virtual environment during treatment, the level of attention in real time is measured from attention-related beta waves through the EEG MindWave.
Another reason for the growing use of this type of treatment is the enhanced attractiveness of interactive environments and to the challenges posed by the game in pursuit of conquests/rewards (positive reinforcement) following the conclusion of a specific task [4] .
The development of serious games using VR aims to provide a playful environment for use in the rehabilitation treatment of children who present neurological dysfunctions to stimulate cognition and movement of the upper limbs, aiming to accelerate the rehabilitation process by stimulating neuroplasticity or plasticity [1, 18] .
Additionally, it is possible to follow the evolution of the patient through reports containing data related to attention, time, and errors collected during the activities through the virtual environment and EEG MindWave. In addition, because it is a virtual environment that uses tools easily found in the market (leap motion and MindWave) it is possible to use in various environments such as offices, homes, and schools.
In this paper, we present the results in the use of ''REHAB FUN'' in the Neuro Psychomotor Rehabilitation Program of the Integrated Medical Care Center at the University of Fortaleza-Ceará Brazil. REHAB FUN was used for five months with seven children diagnosed with CP, presenting promising results. The present work is divided as follows: In Sect. 2 we show the methodology highlighting the group of children with CP. The proposed tool and the architecture of the applications used for the remote control are presented in Sect. 3. The results are analyzed and discussed in Sect. 4, and finally, the conclusions and future work are discussed in Sect. 5.
Materials and methods
As shown in Fig. 1 , the methodology is divided into 6 stages that make up the actions performed in the following paper. The first step of the defined methodology involves the activities performed in the analysis of the neurorehabilitation programs with potential applicability in the use of virtual environments as complementary therapeutic tools; the second step contemplates which activities to implement in the virtual environment and how they will be selected; the third step presents how the development of the virtual environment is developed, which tools are utilized, and the technology and integrations realized; fourth step presents the necessary steps to define selection criteria for patients as well as appropriate authorizations from those responsible for said patients; fifth step details the procedures of the applicability of the virtual environment as a complementary tool for traditional treatment (or approach) in the chosen program; lastly, sixth step presents the techniques utilized to analyze the collected data during the use of the virtual environment.
In step 1-Analysis of neurorehabilitation programs with potential applicability-visits were realized over a period of 1 month in an observatory manner to neurorehabilitation programs that treat patients with neurological dysfunctions in the NAMI center (Integrated Medical Care Center). The objective of this was to establish contact with the affected children as well as with different specialists associated with neurorehabilitation. These activities were realized in order to posteriorly determine, in conjunction with the specialists, the correct intervention program.
In step 2-Selection of activities-professionals (physiotherapists, psychologists, and occupational therapists) from health-related fields were consulted on which activities should be modeled within the virtual environment. These activities were divided into different levels to incentivize the child to continually work toward a proposed objective. Ten stages were suggested by the specialists along with an objective for each one, such as which movements to perform. In agreement with [29] , these can be very simple movements, i.e., flexing arms, legs, or touching an object. These activities were categorized by topics and are resumed in Fig. 2 .
In step 3-Development of the virtual environmentdecisions were made associated with development, such as the architecture definition, which tools, and which programming language to use. The platform REHAB FUN was divided into two applications. The first is associated with a web platform, and the second is associated with a desktop application. The web platform was developed for the visualization of reports, graphs, and an administrative area for managing records of institutions, patients, and professionals. Furthermore, the virtual environment was developed integrating 2 technologies. The first deals with the leap motion sensor, the objective being that the interaction between the child and the device should be natural. The second is related to the MindWave headset; the purpose of using this was to determine the attention levels of the child (patient) at the moment of using the developed environment.
In step 4-Patient selection-subjects were selected that participated in complementary activities (to their primary treatment plan) utilizing REHAB FUN. This selection was realized by professionals in Occupational Therapy, Physiotherapy, Speech Therapy, and Psychology, second [31] . The patients were selected from the psychomotor neurorehabilitation program. Ages ranged from 3 to 8 years old, and the patients selected were diagnosed with cerebral palsy. The defined criteria for the selection of patients involved were that the complementary treatment did not interfere with the evolution of the patients primary rehabilitation. Furthermore, the following criteria were considered when selecting patients: absences of hypersensitivity to light, making coarse movements, regularity to treatment, acceptance of new therapeutic approaches, stable clinical status, group of ages between 3 and 8 years old, and mild-to-moderate CP levels. For this reason, the types of cerebral palsy present in this study were hemiplegia, which affects one side of the body (leg, trunk, and arm), and diplegia, which affects both arms and both legs [2] .
In step 5-Application of virtual environment as a complementary tool-in agreement with the planning of activities of the virtual environment, it was defined that interventions would be 15 min in duration 2 times a week for 3 months. The activities would be realized after the neuropsychomotor rehabilitation sessions. Furthermore, Each activity was organized in the following manner: The activity is presented on the first day, and the patients are asked to use their most functionable hand to complete the learning of movement and the understanding of the objective of each activity. After the patients complete this first activity, they are asked to repeat the activity again with the hand affected by the cerebral palsy. The next day, they are asked to repeat the previous activity using the hand affected by the CP, and after this stage a new activity is presented in which the process is repeated. It is important to highlight that this work was approved by the Research with Human Beings Ethics Committee of the University of Fortaleza (UNIFOR) (CAAE-75563417.0.0000.5052).
Lastly, in step 6-Analysis of results-the collected data from the complementary activities that utilized the virtual environment, and which was saved in a database, is presented. This analysis was based on characteristics of the patient, such as type of paralysis, behavioral status, which activities were completed with difficulty and those with ease, and feelings in relation to the proposed activities. This was realized by triangulating the observed behavior and behavior captured by the system, i.e., attention level, quantity of errors, time used in each activity. To do this, the data were analyzed by using tStudent, which normalized the parameters analyzed.
Architecture
To develop the system architecture (see Fig. 3 ), in agreement with the established criteria in stage 3 of the methodology (development of the virtual environment), the need for the development of two integrated systems was identified. The first is related to the implementation of a serious game, REHAB FUN, which was developed through the Unity engine. The second system is related to web development for patient registration, institutions, responsible parties of patients, and follow-up of the results obtained in the interventions with REHAB FUN and the patient through charts and reports.
The system developed with the Unity engine is integrated with leap motion, with which it captures the movements of the hands, and MindWave, with which the level of attention is captured during the execution of the activities by the patient. The developed system also has integration with the web platform via Web API for bidirectional communication of the data circulating between the virtual environment and the web system. The generated data are stored locally and synchronized routinely and replicated to a WEB server.
Activity
Activity Activity Activity A1: Select all objects that contain the same color A2: Select all objects that contain the same shape.
A3: Select all objects that contain the same color and to take them to a basket of the same color A4: Identify numbers and letters by dragging to baskets with numbers and letters.
A5: Select all nonfarm animals and take them to a box A6: Take the objects and make free movements.
A7:
Pop all balloons that have the same color.
A8:
Pop a balloon that is equal to the color shown on the right side panel
A9:
Pop all the balloons that are moving horizontally that has the same color.
A10:
Pop all the balloons that are moving vertically that has the same color
Fig. 2 Developed activities
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Leap motion
The leap motion device is responsible for the interaction of the user with the virtual environment, capturing the movements of the hands. Its principal advantage is the liberty of movement of the superior extremities, due to the fact that to capture movement a device does not need to be worn on the body. Finally, the connection with the virtual environment uses the core assets 2.2.2 SDK. Above, Algorithm 1 shows the moves returned by the SDK.
Algorithm 1 Movements purchased by the SDK

MindWave
Within the proposed system, MindWave is equipment of non-obligatory use. This device is responsible for measuring electrical analogue signals, commonly referred to as brainwaves, and transforms them into digital signals. In this virtual environment, it is responsible for capturing low beta waves in the interval of 12-15 Hz, midrange beta waves in the interval of 16-20 Hz, and high beta waves in the interval of 21-30 Hz [17, 21] . These waves are captured in each phase (per second) and are presented by percentages at the end of each stage, along with the average of attention related to each activity. The beta frequencies, whose values range between 12 and 30 Hz per phase, correspond to a 0 and 100% of attention, respectively.
In order for the data to be sent to the virtual environment, the API socket ThinkGear Connector (TCG) was used, running in the background and thus communicating between MindWave and REHAB FUN. The wave catch is given as shown in Algorithm 2 [22]:
Algorithm 2 Creating the MindWave-computer connection
Results and discussion
The project chosen for intervention in the NAMI (Núcleo de Atenção Médica Integrada) is part of the occupational therapy program called Neuroreabilitao Psicomotora. This project acts in the rehabilitation of children from 0 to 8 years old with neurological dysfunctions, such as microcephaly, head trauma, and cerebral palsy. In total, 7 subjects (4 boys and 3 girls) between 3 and 8 years old (M: 5.5 years, SD 0.58 years) were selected to participate in this initiative.
All selected subjects participated in the psychomotor rehabilitation program since the first year of life. Furthermore, subjects had external stimuli through the school they attended and other physical and cognitive stimuli such as swimming and school reinforcement, among others. The sessions were held during a period of 3 months, each session lasting 15 min in duration, occurring 2 times a week and held after the patient's primary treatment activities. 
Web interface
To assist the experts, a web platform has been developed, where the specialist can register the patient, their caregivers and monitor their progress as shown in Fig. 4 where (a) is related to expanded side menu, (b) list of patients with data obtained through the virtual environment with patient name, phases, time, error, attention, and the hand used during the phase, and (c) the graphics related to data present above. It was developed in the front-end layers in Angular 6 and Bootstrap 4 and the back-end layer within the creation of services, authentication, and control.
For the authentication in the virtual environment and website, we have used Bearer authentication. Bearer authentication is an HTTP authentication scheme that involves security tokens called bearer tokens. This token must be sent in the request header. Algorithm 3 is an example of a request:
Algorithm 3 Authentication header
A return message will be obtained containing the access token. An example of an answer to authentication is presented in Algorithm 4: 
Algorithm 4 Access Token
Results per subject
Patients were evaluated individually considering the evolution during the phase execution in the proposed cycles. The patient's data and their values are shown by phase during the sessions. These values are related to the hand affected by the cerebral palsy. Furthermore, phase 6 was not considered for analysis, since it was only a setting phase. For that reason, no errors were considered and only the attention levels and time used were measured.
Subject 1
Subject 1 presents Hemiplegic Cerebral Palsy on the right side at a mild level. The subject is a shy teenager. She does not express verbally but communicates through gestures with her head and hands. According to experts, verbal language ability has no relation to the physical problems of subject's paralysis. For that reason, the absence of verbal language could be a product of a trauma or lack of stimulation in her development. The subject does not present difficulties in responding or executing the requested actions, and she presents a social smile when executing some activities in which she does not make mistakes. On the other hand, she swings her head positively when we asked whether she wants to continue executing the activities. The subject was absent from treatment on days 4, 8, 12, and 15. On the sixth day, it was not possible to measure her attention levels due to the weak Bluetooth signal of the MindWave (the device responsible for transmitting the patient's attention levels to the virtual environment). The phase 4 was executed in 3 cycles; phases 3, 8, and 10 were executed in 4 cycles; and phase 5 was executed 5 times. Due to the evolution of the patient concerning the activities completed in the virtual environment, it was possible to perform more than two cycles in these activities, where at the end of every theme execution the subject could choose the activities that she would like to be executed. In this case, phase 5 was the most preferred. The subject did not show fear, and he did not have difficulty in executing what was being proposed. Furthermore, she did not request for help to carry out the suggested movements. Figure 7 shows the results of attention, error, and time in relation to the executed phases.
Subject 2
Subject 2 presents Hemiplegic Cerebral Palsy on the right side at a mild level. Subject 2 is very skillful, communicative, and full of self-will, doing the activities when he Neural Computing and Applications feels like it. He shows gestures of affection, caressing people's faces when he does not want to perform a task or holding the hand of those individuals to execute the activities in which he should execute alone. He likes electronic devices and has a habit of playing Nintendo Wii and using a smartphone and computer when he is with his family. When using the virtual environment, the subject wants to use the leap motion as a mouse, not understanding in some moments that the hand must be above the computer without the need to touch something to exercise some activity in the virtual environment. To carry out the activities in the virtual environment, it was necessary to remove the keyboard and mouse from his field of view. Gabriel was absent from his treatment on days 3, 4, 11, 12, 13, 15, and 18. The patient had many absences due to a health problem unrelated to cerebral palsy. On days 6, 8, and 19, the child could not reach the frequencies of inspection. Three cycles were performed in phases 6, 7, and 8 according to subject's request, based on the option he was given. Figure 8 shows the results of attention, error, and time in relation to the executed phases.
Subject 3
Subject 3 presents Hemiplegic Cerebral Palsy on the right side at a moderate level. Presenting speech difficulties, she smiles a lot and performs activities with help in not being able to lock the arm in the necessary position to use the leap motion. The subject was absent on the third, sixth, eleventh, and twentieth day. With this subject, it was possible to perform 3 cycles of all phases. Figure 9 shows the results of attention, error, and time in relation to the executed phases. The subject did not show fear, and she did not have difficulty in executing what was being proposed.
Subject 4
Subject 4 presents Hemiplegic Cerebral Palsy on the right side at a mild level. The subject is very charismatic and lives in another city and comes to the capital only to perform the treatment. Because of leaving very early from his city of origin to the capital, in some sessions he showed drowsiness and fatigue from daily trips. The patient was absent from treatment on days 6, 11, 15, 19, and 20 . For the subject, it was possible to perform 3 cycles of all phases. The patient also showed a lot of speed in the execution of the activities, but made many mistakes because he did not pay sufficient attention to what he was doing. Figure 10 shows the results of attention, error, and time in relation to the executed phases.
Subject 5
Subject 5 presents Hemiplegic Cerebral Palsy on the left side at a mild level. The subject is very communicative and when carrying out activities with the affected hand due to the paralysis, she ends, involuntarily, repeating the action with the hand that is not affected by the neurological dysfunction. He is afraid to use the hand affected by the CP because her caregiver (grandfather) told her that the hand was not working. During the sessions, when the subject was requested to use the left hand (hand affected by paralysis), there was visual and textual support in the execution of the actions. When the subject was asked why she did not want to use the affected hand, she related that she was afraid to use it because the hand affected by the paralysis was not working. That same speech was highlighted by the subject responsible due to the lack of patience of the person in charge, since she expected that the performance of the affected hand would be similar to the unaffected hand. It is also observed that during the activities in the virtual environment, the subject loses fear of using the hand affected by the paralysis. This is because she noticed the ability to use her hand, even with performances similar to her dominant hand (right). During the first sessions, the subject used a support element in the left hand, and after the third session the subject no longer used the support in the execution of the activities. To each success, the subject vibrated with the achievement, requesting the repetition of the proposed activity. For that particular subject it was Neural Computing and Applications possible to perform 3 cycles of all things instead of 2 cycles alone. Only for phases 3 and 8 one more cycle was carried out (day in which the subject could choose which activity she wanted to perform). The patient was absent from treatment on days 8, 13, 15, and 18. The most memorable evolution of this subject was related to the loss of fear in the use of the affected hand and the minimization of the reflex effect noticed when the subject used the hand affected by the paralysis. That is, the right hand did the same action almost involuntarily. Figure 11 shows the results of attention, error, and time concerning the executed phases.
Subject 6
Subject 6 has mild-level Hemiplegic Cerebral Palsy. He is an adorable child and has a delay in speech, and the lower limbs are greatly compromised. It was possible to carry out all the proposed activities; he is careful in the execution of the actions that are carried out because he does not like to make mistakes and, when he is wrong, asks to repeat the activity until he stops making mistakes. He likes to show his mother that he is learning something new. The patient attended every session day. For that subject it was possible to perform 4 cycles of all phases. Figure 12 shows the results of attention, error, and time concerning the executed phases.
Subject 7
Subject 7 has Hemiplegic Cerebral Palsy on the right side at a mild level. To execute the activities, it was necessary that the specialist completes the activities themselves one time in order to be able to replicate them. Furthermore, the patient was absent between days 14 and 20 due to a scheduled surgery. Figure 13 shows the results of attention, error, and time concerning the executed phases.
To finish, not one of the patients achieved 100% of attention levels during the activities. Only one patient attended every day of therapy. Furthermore, only subject 4 did not reach the minimum concentration levels required during the activities. Subject 1 had connection problems with the MindWave due to the poor bluetooth signal. Furthermore, subject 6 achieved the highest attention levels of the activities, reaching over 98% in phase 9. All the patients understood the proposals of the activities. The phase most executed by the subjects was phase 3. According to data present during the validation of patients, the virtual environment can be used without negative impacts during the rehabilitation treatments and the patients. The patients presented progress in relation to the reduction of errors, the time of execution of the phases, and levels of attention comparing them individually in relation to the cycles performed. A long-term study is necessary to determine if REHAB FUN can help to accelerate the neuroplasticity process. 
Conclusion and future work
The REHAB FUN has been shown to be a motivating tool for patients, and through the data acquired, the specialists can direct the treatment in an individualized way so that there is a greater effectiveness and efficiency in the treatment of motor rehabilitation. The children were highly motivated to participate in the complementary activity, and the parents and caregivers of the patients and the specialists supported the sessions. Absences were due to patients' health or impossibility to be present on session days. Regarding the data obtained during the treatment, the Neural Computing and Applications patients tended to minimize the amount of errors, their levels of attention, and time showed with few variations. MindWave had problems connecting only one child.
The web interface, where specialists can manage patients through patients' registers and monitor evolution through graphs and reports, adds value to the specialist and brings greater freedom in the way they work, because they can centralize the information of all their patients who participate in this program regardless of their institution or geographical location. A longer period of use of REHAB FUN should be considered to prove the real effectiveness of this environment as a complementary tool to the treatment of motor rehabilitation of children.
As future work, we are going to use the IoT (Internet of Things) to measure the physiological functions of patients, understanding the stimuli of the human body and the reflection of its actions through physiological data, as [3] and [27] , to apply machine learning for the virtual environment to suggest activities for patients according to their performance according [7] , neurofeedback and protocol of hands.
